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Sea Turtle Conservation Genetics

Brian W. Bowen
BEECS Genetic Analysis Core
University of Florida
12085 Research Drive
Alachua FL 32615

and

Archie Carr Center for Sea Turtle Research
223 Bartram Hall
University of Florida
Gainesville FL 32611

Wayne N. Witzell
National Marine Fisheries Service
Southeast Fisheries Science Center
75 Virginia Beach Drive
Miami FL 33149

Management Concerns for Marine Turtles (W. N. W.)

Studies of sea turtle migrations and
population structure have traditionally been
limited to tag and recapture studies of nesting
females. Many facets of marine turtle life
history have been revealed with tagging studies,
but this approach is labor-intensive, potentially
expensive, and has limited applications to
males and juvenile stages. As a result,
scientists and resource managers have been
frustrated by an inability to link reproductive
adults to a rookery of origin. Furthermore,
tagging studies have been unable to determine
which reproductive populations use particular
feeding grounds and migratory corridors (but
see Limpus et al. 1992). Conservation
sirategies for sea turtles require such
information, and new approaches are clearly
desirable to resolve aspects of population
biology which are refractory to conventional tag
and recapture studies. In this respect, sea turtle
biologists and resource managers are beginning
to appreciate the relevance of genetic research,
and have established genetic studies as priority
research in the turtle recovery plans (NMFS/
FWS 1991a, b; 1992, 1993) and by the National
Academy of Science (NRC 1990).

Genetic studies are beginning to
unravel complex questions regarding the
distribution and population dynamics of sea
turtle populations. While molecular
methodologies are relatively expensive, these
approaches can be cost effective because they
can answer questions in months that would

otherwise take years to resolve. Studies using
the maternally-inherited mitochondrial (mt)DNA
can elucidate the genetic partitions among
nesting populations, and analyses of turtles in
coastal and pelagic waters can reveal which
nesting populations occupy a particular feeding
habitat. The conservation implications of these
data are readily apparent, as coastal gill net,
trawl, and pound net fisheries routinely capture
turtles during fishing operations. Managers
must determine the origin of these foraging
animals, on both temporal and spatial scales, in
order to determine the impact of incidental catch
on each nesting population. Pelagic longline
fisheries also capture and drown turtles in the
North Atlantic and North Pacific gyres (Witzell
and Cramer 1995), and genetic markers can
determine which nesting populations are
adversely impacted. Unfortunately, genetic
data indicate that these foraging turtles are
typically derived from nesting populations in
several states or countries, and are captured by
offshore fleets operating under the flags of
several nations, a circumstance which greatly
complicates the logistics of international
conservation. Pelagic longline vessels from
Hawaii are catching turtles from Japan and
possibly Australia (Bowen et al. 1995). Spanish,
ltalian, Japanese, Korean, United States, and
Portuguese vessels in the Atlantic and
Mediterranean are catching turtles from the
United States and possibly from Mexico (Bowen
1995a). Research efforts should determine the
population structures of these turtles and



quantify the impacts of these high seas fisheries
on the individual turtle populations.

Genetic markers are also gaining
widespread acceptance as a forensic tool in
enforcement of wildlife conservation laws. The
national and international trade in turtle products
has been difficult to control in part because the

confiscated materials were often unidentifiable.
Forensic applications of genetic markers to
meat, turtie shell, and eggs can determine the
species and often the geographic origin of the
material. This data can be critically important
to state, federal, and international law
enforcement efforts.

The Contribution of Genetics to Marine Turtle Conservation (B. W. B.)

When the first mtDNA surveys of
marine turtles were developed a decade ago,
the projects were oriented towards biogeography
and life history. How old are individual nesting
colonies (Bowen et al. 1989)? Do female turtles
return to their natal beach (Meylan et al. 1990)?
How distinct is the Kemp’'s ridley from the olive
ridley (Bowen et al. 1991)? Does marine turtle
DNA evolve at the conventional pace (Avise et
al. 1992)? Do males remigrate to their natal
region (Karl et al. 1992; FitzSimmons 1996;
FitzSimmons et al. 1996b)? While these
studies have conservation value, their primary
goals were in the realm of natural history. Since
then, the techniques and findings have
developed sufficiently to enable researchers to
address specific questions relevant to marine
turtie management. One major factor in this
maturation process is the relatively complete
surveys of major nesting colonies for green,
loggerhead, hawkshill, and leatherback turtles
within each ocean basin (Bowen et al. 1992,
1994 Broderick et al. 1994; Norman et al. 1994;
Bass et al. 1996; Dutton 1995, 1996h). For
example, a genetic test of natal homing in
Chelonia mydas required data from only a few
rookeries in the western Atlantic (see Meylan et
al. 1990). A more exhaustive analysis with most
of the known Atlantic rookeries allows wildlife
managers to ask specific questions about the
geographic limits of nesting populations and the
contributions of nesting aggregates to regional
feeding grounds (Encalada et al. 1996; Lahanas
et al. Submitted). The advantages of relatively
complete genetic inventories are especially
apparent in forensic applications; Encalada et
al. (1994) were able to assign a confiscated
green turtle to region of origin because genetic
data was available for most of the major Atlantic
nesting areas.

Another major milestone in the
application of genetic techniques to
conservation is the advent of polymerase chain
reaction (PCR) methodology, which allows the
production of DNA sequence data from very
small or partially degraded tissue samples
(Hermann and Hummel 1994). Most of the
early genetic assays of marine turtles required
sacrificing eggs and hatchlings. While the
sacrifice of eggs and hatchings is still necessary
(and justified) to collect samples in some
circumstances, there are now also the options of
collecting dead hatchlings, egg membranes or
blood samples. Samples can be stored without
refrigeration (Dutton 1996a), a considerable
logistic advantage when conducting field
activities in remote coastal locations.

One of the primary practical advantages
of PCR methods is that genetic assays can be
conducted on many previously-intractable
samples (Dutton 1996a). DNA sequence data is
now recoverable from a wide variety of sources,
including commercial products. For example,
A.L. Bass recently recovered mtDNA sequences
from hawksbill turtle shells collected by Peter
Pritchard in 1967, and the same approach has
worked on four out of six loggerhead shells
recovered from a sun-baked refuse pit (Abreu
and Bowen, unpublished data). The purveyors
of endangered species materials are clearly
vulnerable to this type of genetic sleuthing, as
was demonstrated recently for suspected illegal
whale meat in Japanese markets (Baker and .
Palumbi 1994, Baker et al. In press).

Based on these developments, research
efforts in conservation genetics of marine turtles
have increased in tempo and scale over the last
few years, with active programs in Australia,
England, France, Japan, Mexico, the United



States and elsewhere. W.ith the burgeoning
interest in genetic applications to sea turtles,
September 1995 was an appropriate period for a
conference on the conservation genetics of
marine turtles. This represented a unique
opportunity to share results and influence the
course of conservation-oriented studies over the
next decade. The purposes of this workshop
included both practical and philosophical goals:

1) To summarize the work accomplished to
date. In keeping with this goal, a bibliography of
marine turtle genetics is included at the end of
this section. .

2) To standardize genetic methodologies so
that results from different labs can be efficiently
compared. The widespread use of homologous
DNA sequence data is highly desirable to make
meaningful comparisons between studies.

3) To avoid redundancy of effort. While
confirmation of research findings by
independent labs is generally desirable, it would
be a waste of scarce conservation resources to
resample the same marine turtle populations. A
far more efficient approch is to test the
conclusions made in one ocean basin with
similar assays in another ocean basin. At all
cost, the duplication of field collections is to be
avoided in endangered species research.

4) To promote the sharing of samples and data.
This is a complex issue, but the matter can be
streamlined by a simple philosophical dictum: in
making decisions about sharing scientific
resources, the advancement of conservation
goals must remain paramount to other
consideration. In other words, researchers who
choose to work on endangered species must
recognize a higher purpose than transient career
goals. This has not always been the case in
programs directed towards endangered species;
international genetic studies in other taxonomic
groups have been delayed for years because of
the unwillingness of researchers to share
samples or genetic methodology.

5§) To develop guidelines for forensic
applications of genetic data. How many field
samples are necessary to support conclusions
about species and region of origin? What
precautions must be taken to assure that
conclusions are defensible? While many of us

are familiar with the standards of peer review
publication, the standards of courtroom
verification are quite foreign to most biologists
and conservationists.

6) To make conservation genetic methods and
conclusions more accessible to the wildlife
managers who will transform this data into
policy decisions. ‘

Picking the right molecule for the job

Advances in molecular techniques over
the last decade have opened a number of
avenues for genetic definition of populations
and evolutionary units. In these circumstances,
the potential exists for misapplication of
techniques. As noted by Dutton (1996a) and
FitzSimmons et al. (1996b), the choice of
appropriate technique(s) depends on the issue
at hand and the natural history of the organism.
The mitochondrial genome has played a
prominent role in marine turtle conservation
genetics, in part because “the matrilineal
component of an organismal pedigree (as
estimated for example by mtDNA) can be of
special relevance to population biology and
management, even when concordant support on
population genetic structure from nuclear loci is
lacking.” (Avise 1995). Since females
ultimately govern the reproductive output of a
population, knowledge of female dispersal and
stock structure (as defined by mtDNA) may be
extremely important in defining management
priorities.

For species with no sex-specific
differences in dispersal, the population structure
defined by a maternal genetic assay (mtDNA) or
a biparentally-inherited genetic assay (nDNA)
should be concordant under assumptions of
population equilibrium (Wayne et al. 1991;
Scribner et al. 1994; but see Karl and Avise
1993). In these cases, wildlife managers may
reasonably consider the results of either mtDNA
or nDNA assays to represent the overall pattern
of stock structure (Templeton et al. 1990).
However, for species such as marine turtles
which have the potential for gender-specific
differences in dispersal of gametes, mtDNA and
nDNA assays may yield qualitatively different
estimates of gene flow and population structure
(Karl et al. 1992; Palumbi and Baker 1994).
Such differences do not reflect conflicting



results but rather the legitimate differences in
geographic structuring of nuclear and
mitochondrial lineages that is an expected
consequence of sex-specific dispersal
(FitzSimmons et al. 1996a, b). Until recently,
this type of complex population structure has
seldom been considered in the formulation of
wildlife management plans, partly because the
prerequisite genetic tools were not available
(Hoezel and Dover 1989).

Differences in population genetic
structuring as defined by nDNA and miDNA
assays can have profound implications for
wildlife management. For example, mtDNA
assays indicate that each green turtle nesting
population is a distinct management unit
(Bowen et al. 1992; Norman et al. 1994; Allard
et al. 1994; Lahanas et al. 1994; Encalada et al.
1996), but nDNA assays indicate little
population genetic structuring among some
regional nesting colonies (Karl et al. 1992;
FitzSimmons et al. 1996b). Acting on mtDNA
data alone, wildlife managers might conclude
that each nesting population is effectively
isolated from other regional nesting colonies.
This perspective is correct in terms of female
(egg laying) lineages, but would miss the
potential genetic link between nesting colonies
afforded by male reproductive behavior. In this
case, concerns about inbreeding and reduced
genetic diversity in small nesting colonies might
be misplaced, because wildlife managers would
be unaware that gametic exchange through
males may connect regional nesting
populations.

Acting on the nDNA data alone (a
distinct possibility when protein electrophoresis
was the only genetic assay available), individual
rookeries might not be recognized as
demographically independent entities. Indeed,
this position has been invoked on the basis of a
protein electrophoretic data set: Bonhomme et
al. (1987) concluded that extensive gene flow
occurs between C. mydas nesting colonies in
separate ocean basins. Hence the perspective
based on nDNA data alone may be particularly
hazardous for management of marine turtles,
because reproductive populations could lapse
into extinction under the mistaken impression
that depletion of a rookery is countered by
recruitment from other reproductive populations.

In cases where sex-specific differences
in gametic dispersal are known or suspected, it
is necessary to analyze both biparentally-
inherited (nuclear) DNA (nDNA) loci and
uniparentally-inherited (mitochondrial) DNA
(mtDNA) lineages to adequately define
management units. Analyses of mtDNA can
reveal the geographic structure of maternal
lineages which are of -paramount importance in
species propagation, and nDNA surveys can
reveal complementary information on stock
structure, effective population size, male
dispersal, inbreeding, and related concerns.
Either analysis, when taken alone, could lead to
erroneous and detrimental management policy.

Population structure of a highly
migratory species

Rookery-specific population structure
has emerged as a general paradigm for the
marine turtles (Bowen and Avise 1995), but it is
unclear where the geographic boundaries of
nesting populations lie in most cases. Broderick
et al. (1994) found that Indo-Pacific hawksbill
nesting aggregates separated by a few hundred
kms were indistinguishable in terms of mtDNA
contro! region comparisons, but Bowen et al.
(1993a) reported a sharp frequency shift
between loggerhead nesting populations in the
southeast U.S. separated by less than two
hundred kilometers.

The propensity of marine turtles to
move long distances between resident foraging
areas and reproductive habitats may confound
any assumptions of stock structure based on
geographic proximity. Feeding grounds may
contain cohorts from widely separated nesting
populations (Bowen et al. 1995; 1996; Broderick
and Moritz 1996), and adjacent nesting
populations may be highly divergent in terms of
DNA sequence comparisons (Norman et al.
1994). It seems that behavioral barriers to gene
flow and sporadic colonization events strongly
influence the population histories of marine
turtles (Bass 1996). Under these
circumstances, it may be difficult to predict the
genetic relationships among regional nesting
aggregates by proximity or geography alone.
Based on the overall pattern of genetic isolation
among nesting populations, it is reasonable to
assume that widely separated (>500 kms)



rookeries constitute distinct management units,
but adjacent nesting areas and feeding
aggregates may require evaluations on a case
by case basis.

Extending the horizons of Conservation
Genetics

The utility of genetic assays for
population resolution is clear, but molecular
techniques have strong conservation
applications outside this realm, and many of
these research avenues are just beginning to be
explored. One of the most exciting applications
is in the use of rookery-specific genetic markers
to resolve migratory routes and feeding ground
composition (Chapman 1996; Broderick and
Moritz 1996; Norrgard and Graves 1996). This
approach offers a hope for expedient
identification of the nesting colonies impacted
by commerical fisheries and other human
incursions (Bowen 1995a).

Molecular systematics has become
increasingly prominent in exploring taxonomic
boundaries and evolutionary relationships, and
the genetic distinctiveness of dwindling
populations may be considered when assigning
conservation priorities (Vane-Wright et al. 1991;
Crozier 1991; Forey et al. 1994; Moritz 1994a,
b; but see Erwin 1991) . In this respect,
molecular phylogenies have resolved some
controversies in marine turtle evolution (Bowen
et al. 1993b; Dutton et al. 1996a; Bowen and
Karl 1996) but have prompted a reevaluation of
the taxonomy of green turtles, Chelonia mydas
and the dubious C. agassizi (Kamezaki and
Matsui 1995; Karl 1996; Bowen and Karl 1996;
Zug 1996). One conservation application of
these findings lies in the identification of marine
turtle material in a forensic context (Woodley
and Ball 1996). Molecular genetic assays have
also revealed some unanticipated features of
marine turtle evolution, including relatively slow
genomic evolution (Avise et al. 1992;
FitzSimmons et al. 1995a) and evidence of
hybridization among lineages which are tens of
millions of years old (Karl et al. 1995; Karl
1996).

The advent of hypervariable nuclear
DNA assays has opened up an exciting new
window on reproductive behavior (FitzSimmons
et al. 1995b; Fitzsimmons 1996, Dutton 1996b)

and fine-scale population structure (Peare and
Parker 1996c¢; FitzSimmons et al. 1996b). How
precise is natal homing? Do males move
between nesting colonies? How many males
contribute to a clutch? All of these questions
are beginning to yield to molecular genetic
methodologies, and all of them have clear
conservation implications. The possibilites for
conservation-oriented applications are just
beginning to unfold, and it is certain that more
applications will be found for these versatile
genetic assays.

Endangered Species Permits

Permits for scientific access remain one
of the greatest impediments to research on
endangered species. Regulations governing
endangered species are designed to thwart the
efforts of poachers and smugglers, but these
criminal profiteers seldom apply for endangered
species permits. In a misguided effort to protect
the species or demonstrate a successful permit
program, many government agencies succumb
to the practice of restricting legitimate scientific
access and conservation-oriented research.

Federal agencies in the United States
(National Marine Fisheries Service and U.S.
Fish and Wildlife Service) have cumbersome
application procedures for endangered species
permits, and administrative delays of 6-12
months are common. Federal permits are often
administered by persons with limited grasp of
field biology and study design. One of the most
damaging practices by federal permit officers is
to alter or restrict sampling methodology for the
sake of an imagined increase in wildlife
protection. Permit restrictions which seem
reasonable (and politically correct) in an
adminstrative office in Washington D.C. can
have a strongly detrimental impact on field
collections. In practical terms, these restrictions
can be costly, they reduce the scientific rigor of
the research, and they prevent valuable
opportunistic sampling. Compounding these
problems at the national level are the individual
state wildlife agencies which can impose
additional layers of permit paperwork. State
wildlife managers usually work in close
proximity to the conservation problems and
have a more enlightened approach to scientific
access, but in a few cases state permits have
been denied, delayed, or restricted for.no



obvious scientific reason. -

A recurring tendancy in permit offices is
the use a “quota” system to demonstrate control
over endangered species. A single case history
is sufficient to illustrate the damage done: In
recent years, one of us (B.W.B.) repeatedly
requested greater-lattitude in sample size and
sample type allowed under a U.S. CITES import
permit. These requests were denied and the
permitted sample size was held at 15 per
location, because the permit officer surmized
that 15 samples was sufficient to conduct the
analysis of mtDNA haplotypes. However, larger
sample sizes are necessary to apply the new
generation of nuclear DNA assays (Karl et al.
1992; FitzSimmons et al. 1995a, 1996a, b) and
to resolve the demographic composition of
feeding grounds (Chapman 1996). Due to
restrictions imposed by the U.S. Fish and
Wildlife Service Office of Management
Authority, the necessary sample sizes are
unavailable for these new conservation
initiatives.

These permit problems are further
exacerbated by the international nature of
marine turtle conservation. CITES import and
export permits are required for international
movement of specimens, but countries vary
widely in access to CITES permits, with
availability often governed by political trends. A
typical marine turtle project may require permit
applications in three or more languages, and
samples may cross a dozen international
boundaries. In these circumstances delays in
CITES import and export permits can unravel
an entire study. Attempts to correct these
problems (such as a CITES exemption for small
samples of tissue or blood, materials which
have no commercial value but enormous
scientific value) have been thwarted in large
part by dogmatic resistance from the U.S. Fish
and Wildlife Service Office of Management
Authority.

A final problem, unique to conservation
genetic studies, is the perceived commercial
value of DNA. Under terms of the Biodiversity
Convention (a.k.a. the Rio Convention),
countries are accorded the right to seek
royalties for genetic resources discovered within
their territories. While this principle seems
reasonable when applied to new drugs and

commercial products, no distinction is made in
the Rio Convention between biochemical
prospecting and scientific research. In other
words, the authors of this convention repeated
one of the worst mistakes of the CITES
Convention by making no provisions for
scientific access. On three recent occasions,
countries have denied export permits for a few
drops of sea turtle blood, under the justification
that no genetic material would be exported until
the monetary value of sea turtle DNA could be
established. This problem, in conjunction with
uncertain access to CITES permits, has the
potential to shut down international conservation
research.

Happily, one ray of hope has pierced
these bureaucratic quagmires. PCR products,
synthetic copies of organismal DNA, are exempt
from CITES regulations (although at one point
the U.S. Fish and Wildlife Service tried to
regulate this material; Bowen and Avise 1994a;
Jones 1994). Under this exemption, biologists
may produce synthetic copies of the DNA in a
host country, and then transport these copies
across international borders without the
cumbersome CITES paperwork (see Baker and
Palumbi 1994). However, this approach can be
expensive, especially when researchers must
carry lab equipment across international
borders.

Two philosophical points bear
consideration in applying this PCR approach.
First, it is a disgrace that conservation biologists
must use an expensive loop-hole in the CITES
treaty to surmount impediments put in place by
agencies charged with protecting endangered
species. Second, while the CITES convention
represents a legal impediment to research, the
collecting permits from the host country
represent a moral imperative. Scientists must
obtain permission to collect biological samples
within the boundaries of sovereign nations, just
as these countries must recognize the necessity
of allowing scientific access for multinational
conservation initiatives.

Permit agencies will continue to be a
hinderance to endangered species recovery
until these institutions accept the primary role of
scientific research in conservation. One
corollary of this theme is the recognition that
some aspects of conservation research require



intrusive sampling and occasional sacrifice of
specimens. Many lethal procedures, opposed
by uninformed (but vocal) animal rights groups,
are sometimes justified by the conservation
dividends in life history information. The
reprioritization of scientific studies by permit
agencies offers the only hope to alleviating the
delays, restrictions, and endless haggling over
scientific materials.
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